The aim of this study was to assess the productive performance of cowpea cultivars with different growth habits as a function of population density in the MATOPIBA region, Brazil. The experiments were carried out in Magalhães de Almeida, MA in the agricultural season 2014/2015. The cultivars BRS Itaim, BRS Tumucumaque, and BRS Pajeú, which present an erect, semi-erect, and semi-prostrate growth habits, respectively, were assessed. For the erect and semi-erect cultivars, a total of 8, 12, 16, 20, 24, and 28 plants m −2 were used whereas for the semi-prostrate cultivar, a total of 2, 6, 10, 14, 18, and 22 plants m −2 were used. The experimental design was a randomized block design with four replications and treatments composed of plant densities. Grain yield and number of pods per area presented a quadratic response to the increased plant density whereas a decreasing linear response was observed for the number of pods per plant. The maximum grain yield of erect, semi-erect, and semi-prostrate cultivars were 1,076 kg ha −1 (19.5 plants m −2 ), 1,252 kg ha −1 (18.7 plants m −2 ), and 755 kg ha −1 (14.5 plants m −2 ), respectively. The number of pods per area was the character that most correlated (P<0.01) with grain yield, regardless of the plant growth habit.
INTRODUCTION
The largest Brazilian areas sown to cowpea are within the Northeastern region. These areas play an important socio-economic role since this crop is the main local source of protein, mainly for the rural population, in addition to providing the workforce. Local rainfall regime is quite irregular, which causes the phenomenon known as a dry spell. When occurring during crop critical period, it affects food production, mainly due to the use of non-bred cultivars and inadequate number of plants, which depends on a season with rains well-distributed (JALLOW; FERGUSON, 1985;  TÁVORA; NOGUEIRA; PINHO, 2001; RIBEIRO, 2006; QASEM; BIFTU, 2010; BASTOS, 2015) .
Developing cultivars with high potential for grain yield and an adequate plant architecture for dense cultivation and mechanized harvest aims to meet the requirements of technified systems. Such characters enable cowpea cultivation in large areas in either season or off-season, especially in the MATOPIBA regions -Brazil, where there has been a significant increase in the planted. Grain yield increments in response to higher plant densities have been reported by Cardoso and Ribeiro (2006) , Bezerra et al. (2008) , Njoku and Muoneke (2008), Makoi, Chimphango and Dakora (2009), Naim and Jabereldar (2010) , Cox and Cherney (2011), Santos (2014) , and Cardoso, Ribeiro and Bastos (2015) .
Plant density management has as the main objective to increase canopy efficiency in intercepting the incident radiation in relation to time and unit area. Oroka and Omoregie (2007) emphasize that increases in plant density of cowpea can increase solar radiation interception and its use efficiency. Mendes et al. (2005) observed that the percentage of intercepted light and leaf area index of cowpea increased by 50% and 206.5%, respectively, when plant density was increased from 41,666 to 166,666 ha −1 .
The expression of cowpea productive potential depends on a favorable combination of a set of factors, standing out the number of plants per area, which directly influences the morphological, physiological, and grain yield characteristics, and the use of technological, environmental, and management resources (BEZERRA et al., 2012) .
In cultivation systems, whether technified or traditional, there is a need for information on the changes that occur in the physiology and production components of modern cowpea cultivars when submitted to different plant densities. Thus, the aim of this study was to assess the productive performance of cowpea cultivars with different growth habits as a function of population density in the MATOPIBA region, Brazil.
MATERIAL AND METHODS
The experiments were conducted in an Oxisol (JACOMINE et al., 2013) under a rainfed regime in the agricultural season 2014/2015, from March to April 2015. The experimental area was located at the Cajuí Catuí farm, in the micro-region of Baixo Parnaíba Maranhense, in Magalhães de Almeida, MA, Brazil, at the geographical coordinates 3°20′56″ S and 42°19′'42″ W, with an altitude of 103 meters. Soil samples were collected at a depth of 20 cm and submitted to chemical analysis at the Laboratory of Soil Fertility of the Embrapa Mid-North. These samples presented a pH in water (1:2.5) = 5.1, phosphorus (mg dm −3 ) = 12.1, potassium (mg dm −3 ) = 45.2, calcium (cmolc dm −3 ) = 1.01, magnesium (cmolc dm −3 ) = 0.32, aluminum (cmolc dm −3 ) = 0.0, and organic matter (g kg −1 ) = 10.1.
Three field experiments were carried out. The first experiment with the cultivar BRS Itaim, which has an erect growth habit (ER), the second with the cultivar BRS Tumucumaque, which has a semi-erect growth habit (SE), and the third with the cultivar BRS Pajeú, which has a semi-prostrate growth habit (SP). In the experiments with the cultivars ER and SE, the studied densities were 12, 16, 20, 24, and 28 plants m −2 whereas, in the experiment with the cultivar SP, densities were 6, 10, 14, 18, and 22 plants m −2 . In all cases, the experimental design was a randomized block design with four replications. Plots were composed of four rows of five meters. The useful area consisted of the two central rows. Treatments consisted of five plant densities.
Sowing was carried out on March 25, 2015, with excess seeds in the rows. Thinning was performed after emergence in order to maintain only the assessed plant densities. Broadcasting fertilization corresponded to 250 kg of single superphosphate and 50 kg of potassium chloride per hectare. At 15 days after sowing, a topdressing fertilization was conducted with 100 kg of ammonium sulfate per hectare.
The rainfall registered during the crop cycle was 441 mm. Water stress occurred during flowering and filling-pod stages. These development stages occurred in May, with 66 mm of rainfall (3 rainy days and 28 dry days).
The assessed agronomic characters were pod length (PL), number of grains per pod (NGP), number of pods per plant (NPP), number of pods per area (NPA), mass of one hundred grains (MHG) (in grams), and grain weight (GW) (in kg/useful area), corrected for 13% moisture using the following equation: [(100 − Mi) × GW] ÷ (100 − Mf), where Mi is the current moisture of grains and Mf is the desired moisture (13%). The first four characters were obtained in ten pods chosen at random at the useful area of each treatment. Grain weight per plant was determined by dividing the grain yield by the number of plants in the useful area. Grain yield (kg ha −1 ) was calculated as GY = (10,000 m 2 × GWC) ÷ useful plot area (m 2 ), where GWC is the grain weight in the useful plot area corrected to 13% moisture (kg).
Regression analysis was used in the analysis of variance, with first-and second-degree models for plant densities, according to the method of Pimentel-Gomes (2009) and Zimmermann (2014) . The best model was selected considering the t-test and the significance of each parameter, within a limit up to 15% probability (CONAGIN; JORGE, 1982) .
The method of Alvarez and Alvarez (2003) was also used. This method states that for an equation to be significant, it is unnecessary that all coefficients be significant but the model significance must be explicit in the equation (in each regression coefficient), and not only with the significance of R 2 .
Pearson's correlation coefficients of grain yield were determined in relation to the production characters. All statistical analyses were performed using the software SAS (SAS INSTITUTE, 2015) .
RESULTS AND DISCUSSION
Regardless of the growth habits of the assessed cowpea cultivars, the analysis of variance showed significant effects for plant densities related to the characters number of pods per plant, number of pods per area, and grain yield. The characters pod length, number of grains per pod, and mass of one hundred grains showed no significance (Table 1) . The number of pods per plant responded in a linearly decreasing manner whereas the number of pods per area presented a quadratic response with the increased plant density (Table 2) . This linear decrease in the number of pods per plant indicates that for each increase of one cowpea plant per square meter, a decrease of 0.213, 0.166, and 0.378 pods per plant was observed for the erect, semi-erect, and semi-prostrate growth habits, respectively. In addition, the number of pods per area reached a maximum of 70.12 pods m −2 with 19.6 plants m −2 for the erect growth habit, 62.6 pods m −2 with 19.4 plants m −2 for the semi-erect growth habit, and 59.22 pods m −2 with 15.6 plants m −2 for the semi-prostrate growth habit. Similar behavior was also observed by Olufajo and Singh (2002) , Naim and Jabereldar (2010) , and Cardoso, Ribeiro and Bastos (2015) . Intraspecific competition, as well as phenotypic plasticity, may have been one of the reasons for these scenarios, probably because of the decrease in flower formation, which should have been aggravated due to water stresses that occurred during flowering and pod-filling stages (LEMMA; WORKU; WOLDERMICHAEL, 2009). Similar results were observed by Távora, Nogueira and Pinho (2001) , Bezerra et al. (2009), Naim and Jabereldar (2010) , Naim et al. (2012) , and Cardoso, Ribeiro and Bastos (2015) . The increase in cowpea plant density provided a quadratic response for grain yield (Table  2) , with maximum values of 1,076, 1,222, and 785 kg ha −1 obtained, respectively, for densities of 19.7 (ER), 18.7 (SE), and 14.5 plants m −2 (SP). Similar results were observed by Cardoso and Ribeiro (2006) , Naim and Jabereldar (2010) , and Cardoso, Ribeiro and Bastos (2015) . However, Jallow and Ferguson (1985) The number of pods per area was the character most correlated (P<0.01) with grain yield, reaching values of 0.98, 0.97, and 0.99 for cowpea with erect, semi-erect, and semi-prostrate growth habits, respectively (Table 3) . 
CONCLUSIONS
An increase in plant density influences grain yield of cowpea with erect, semi-erect, and semi-prostrate growth habits, following a quadratic relation with a maximum of 19.7 (1,076 kg ha −1 ), 18.7 (1,222 kg ha −1 ), and 14.5 (785 kg ha −1 ) plants m −2 , respectively. The number of pods per area is the character that most contributes to the differences in grain yield of cowpea in relation to plant densities.
